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(54) Low profile surface mountable electrical connector assembly

(57)  Alow profile electrical connector assembly (10)
includes plug and receptacle connectors (12, 14) having
mating housings (16, 26) each mounting a plurality of
terminals (40, 42) each of which include contact por-
tions (44, 58) for interengagement with the contact por-
tions of the terminals of the other connector. The
terminals further include mounting portions (46, 50) for
surface connection to circuit traces (48, 52) on respec-
tive printed circuit boards (24, 34). The receptacle ter-
minals (42) are generally U-shaped and are defined by
a first leg (54) joined to the mounting portion (50) of the
terminal and a free spring contact leg (56) having a con-
tact portion (58) engageable with the contact portion

(44) of one of the terminals of the other connector. The
contact portion (58) is preloaded on a shoulder (64) of
the receptacle housing. The first leg (54) of the terminal
(42) includes a proximal end (54a) fixed to the housing
and a distal end (54b) movably supported along its
edges by tabs (55) to permit a portion of the first leg
between the proximal end and the distal end to be flexi-
bly movable into a slot (62) in the housing during mating
of the connectors. The secondary support of the termi-
nal at its distal end by the tabs (55) distributes stresses
along the first leg (54) to improve deflection characteris-
tics of the receptacle terminal.
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Description

Field of the Invention

This invention generally relates to the art of electri-
cal connectors and, particularly, to a low profile electri-
cal connector assembly.

Background of the Invention

Miniature or low profile electrical connectors are
used extensively in applications wherein it is desirable
to maintain the heights of the connectors as low as pos-
sible. For instance, miniature or low profile surface
mount connectors are mounted on printed circuit
boards within a small electronic appliance, such as a
cellular phone or pager, where the space in which the
connectors and circuit boards are housed is of a pre-
mium. This low profile of the connectors may cause a
variety of problems.

One such problem in low profile surface mount con-
nectors is that there is not always sufficient space or
height available to provide sufficient contact beam
length, and therefore beam deflection and contact nor-
mal forces may be compromised. Therefore, it has been
necessary to design the terminals to increase the effec-
tive beam lengths thereof and to utilize expensive mate-
rials in fabricating such terminals which have adequate
thickness and/or stiffness to provide sufficient normal
force in the finished product. Furthermore, in board-to-
board connector applications wherein no mechanical
connections are provided except the frictional engage-
ment between mating terminals, the possibility that the
miniature or low profile connectors can be accidentally
unmated by mechanical shock is significant. These con-
siderations have necessitated incorporating increased
frictional engagement between the terminals, thereby
increasing the force required to disconnect the connec-
tors. However, such increased frictional engagement
between the mating terminals can result in excessive
mating and unmating forces which, in turn, render the
connector and/or the printed circuit board assembly
susceptible to damage or breakage upon mating and
unmating. Accordingly, it is important in these connector
assemblies to provide a cost effective, simple terminal
design which allows for adequate deflection and normal
force of the terminal during mating and unmating to both
prevent premature or inadvertent disconnection and to
allow for disconnection or unmating of the connector
assemblies when required.

The present invention therefore is directed to pro-
viding an electrical connector assembly of the character
described above that employs a terminal design which
facilitates the miniaturization of the mating connectors
and which provides for adequate beam deflection and
sufficient normal force in the low profile space provided.
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Summary of the Invention

An object, therefore, of the invention is to provide a
new and improved electrical connector assembly includ-
ing a receptacle connector that lends itself to miniaturi-
zation and a low profile construction.

In the exemplary embodiment of the invention, the
low profile electrical connector assembly includes a
mating plug and a receptacle connector each having a
dielectric housing mounting a plurality of terminals
which themselves include contact portions for interen-
gagement with the contact portions of the terminals of
the other connector. The housing of each connector has
opposite ends with a mounting face extending therebe-
tween adapted for surface mounting to a surface of a
printed circuit board. The terminals include mounting
portions for surface connection to circuit traces on the
printed circuit board. The terminals of at least one of the
connectors include generally U-shaped contact portions
each defined by a first leg that is joined to the respective
mounting portion of the terminal and a free spring con-
tact leg engageable with the contact portion of a corre-
sponding terminal of the other connector. The first leg
includes a proximal end fixed to the housing proximate
the mounting portion of the terminal and a distal end
opposite the proximal end movably supported along its
edges to thereby allow the portion of the first leg of the
terminal between the proximal end and the distal end to
be flexibly movable into a slot in the housing during mat-
ing of the plug and receptacle connectors.

The free spring contact leg of the terminal includes
a distal end that is biased against a shoulder of the
respective connector housing to "preload” the terminal
thereby requiring minimal deflection of the terminal
while at the same time imparting adequate normal force
upon mating of the connectors. The terminal and hous-
ing design therefore permit use of a less stiff and thinner
stock terminal material, thus reducing the cost and
increasing the performance of the terminal and connec-
tor assembly.

The electrical connector assembly may include
generally L-shaped retention members for securement
of the connectors to the surface the printed circuit
board, and holding members provided near opposite
ends of the connector housings to removably retain the
connectors in mated condition.

Other objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings.

Brief Description of the Drawings

The features of this invention which are believed to
be novel are set forth with particularity in the appended
claims. The invention, together with its objects and the
advantages thereof, may be best understood by refer-
ence to the following description taken in conjunction
with the accompanying drawings, in which like reference
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numerals identify like elements in the figures and in
which:

FIGURE 1 is an exploded perspective view of the
plug and receptacle connectors of the electrical
connector assembly of the present invention, in an
unmated condition;

FIGURE 2 is a vertical section taken generally
along line 2-2 of Figure 1;

FIGURE 3 is a vertical section similar to that of Fig-
ure 2, but with the plug and receptacle connectors
in a mated condition;

FIGURE 4 is a view similar to that of Figure 2, but
with the receptacle terminal removed from the
housing; and

FIGURE 5 is a view similar to that of Figure 4 but of
a prior art terminal.

Detailed Description of the Preferred Embodiment

Referring to the drawings in greater detail, and first
to Figure 1, the invention is embodied in a low profile
electrical connector assembly, generally designated 10,
which includes a plug connector, generally designated
12, that is mateable with a receptacle connector, gener-
ally designated 14. The plug connector includes a die-
lectric housing, generally designated 16, which has
opposite ends 18 with a mounting face 20 extending
therebetween and adapted for surface mounting to a
surface 22 of a printed circuit board 24. Receptacle con-
nector 14 includes a dielectric housing, generally desig-
nated 26, that has opposite ends 28 with a mounting
face 30 extending therebetween and adapted for sur-
face mounting to a surface 32 of a printed circuit board
34.

Referring to Figures 2 and 3 in conjunction with Fig-
ure 1, plug connector 12 has a plug portion 36 which is
mateable in the direction of phantom arrow "A" (Fig. 1)
into a receptacle 38 of receptacle connector 14. Plug
connector 12 mounts a plurality of terminals, generally
designated 40 (Fig. 3), and receptacle connector 14
mounts a plurality of terminals, generally designated 42.
As best seen in Figures 1 and 3, terminals 40 of plug
connector 12 include blade-like contact portions 44
exposed on the sides of plug portion 36 and mounting
portions 46 for surface connection to circuit traces 48 on
surface 22 of printed circuit board 24. Terminals 40 of
plug connector 12 are generally L-shaped and are dis-
posed on opposite sides of plug portion 36 of the con-
nector housing 16. The connector housing is unitarily
molded of an insulative material, such as plastic or the
like, and the terminals are stamped and formed of elec-
trically conductive material.

Terminals 42 of receptacle connector 14 are
located on opposite sides of receptacle 38. Each termi-
nal 42 has a mounting portion 50 for surface connection
to a respective circuit trace 52 on surface 32 of printed
circuit board 34. Each terminal 42 further includes a
generally U-shaped contact portion defined by afirst leg
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54 that is joined to mounting portion 50 and a free
spring contact leg 56 that includes a rounded contact
portion 58 engageable with contact portion 44 of a
respective plug connector terminal 40, as shown in Fig-
ure 3. In essence, first leg 54 has a proximal end 54a
that is fixed against a wall 60 (Figs. 2 and 3) of recepta-
cle connector housing 26 and a distal end 54b movably
supported along its edges by tabs or flags 55 so that a
portion of first leg 54 between distal end 54b and proxi-
mal end 54a is flexibly movable into a slot 62 in housing
26 upon deflection of rounded contact portion 58, while
the bight portion of terminal 42 remains relatively sta-
tionary. This configuration allows for the distribution of
stresses along first leg 54 of terminal 42, thereby provid-
ing improved deflection characteristics in the terminal,
notwithstanding its short beam length due to the low
profile of receptacle connector 14. Such improvement is
achieved by the provision of the secondary support area
at 55 to ensure that the entire terminal 42 is always
under compression, rather than fixing the terminal at a
single fixed point (e.g., at 54a).

Like housing 16 and terminals 40 of plug connector
12, housing 26 is unitarily molded of an insulative mate-
rial, such as plastic or the like, and terminals 42 are
stamped and formed from a relatively thin stock (e.g.,
0.15 mm) of electrically conductive material, such as
phosphor bronze, which was heretofore deemed less
suitable for low profile beams as discussed below.

Still referring to Figs. 2 and 3, it can be seen that
terminals 42 are "preloaded” within their respective ter-
minal cavities in receptacle connector housing 26. In
particular, it can be seen in Figure 2 that a distal end
56a of leg 56 is spring-loaded or biased against a shoul-
der 64 of housing 26. When the connectors are mated
as shown in Figure 3, it can be seen that the distal end
56a of leg 56 has moved off of shoulder 64. The
preloading thus requires minimal subsequent deflection
of the terminal to achieve adequate contact normal
force between the mating terminals since an opposing
force is initially present at rounded contact portion 58
due to the preload. In addition, the presence of the
preload helps reduce the angle of incidence between
the mating plug and receptacle terminals, and thus
reduces the force required to mate the connectors. This
becomes more significant as the number of terminals,
or circuits, increases per connector assembly. Not only
do the lower forces allow for a more effortless mating of
the plug and receptacle connectors, these lower forces
in turn allow for more efficient assembly of the connec-
tors by yielding a higher output and lower occurrence of
damage to the assemblies than would occur if higher
forces were needed. Furthermore, this allows the same
low profile connector design to be used in the apparent
trend of ever-increasing circuit sizes, which would not
be possible if mating forces were excessive.

Looking now to Figure 4, although exaggerated for
clarity and ease of understanding, it can be seen that
the operation of terminal 42 during mating of the con-
nectors (as shown in dotted lines) is different from the
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operation of prior art terminal 42 of Figure 5. Although
the terminals shown are structurally distinctive, like ref-
erence numbers are used to refer to similar general fea-
tures of the terminals for ease of comparison. As
discussed above, the presence of flags 55 support dis-
tal end 54b of first leg 54 of terminal 42 thus preventing
rearward movement (i.e., away from the applied force of
a mating connector) of both the distal end of the first leg
and the bight portion of terminal 42 during mating of the
connectors, as occurs in prior art terminal 42'(as shown
in dotted lines in Figure 5). The behavior of prior art ter-
minal 42’ during deflection actually results in stress
within the terminal concentrated at distal end 54b’ and
along the bight portion of the terminal between 54" and
free spring contact leg 56'. Furthermore, the absence of
a preload at distal end 56a’ requires an increase in the
deflection at contact portion 58’ to yield adequate con-
tact normal force. This concentration of stresses makes
it necessary to use a stiffer and thicker and conse-
quently more expensive contact material. For example,
a prior art terminal uses a 0.2 mm thick beryllium cop-
per contact and the preferred embodiment of the
present invention utilizes a 0.15 mm thick phosphor
bronze contact. Such differences can contribute signifi-
cantly to the overall cost of the connector.

Referring back to Figure 1, other features of the
connector assembly include a generally L-shaped
retention member 66 mounted at each end 18 of plug
connector housing 16 and each end 28 of receptacle
connector housing 26. Each retention member includes
a generally planar leg 68 adapted for securement to the
surface of a respective underlying printed circuit board.
Another leg is defined by outside arms 70 which are
located on opposite side of an inside arm 72. Inside arm
72, and particularly edge portions 72a, of retention
members 66 maintain an inference fit within passages
76 in the respective housing, after being inserted
through the respective mounting faces 20 and 30
thereof, to securely fix the retention members in the
housings. Legs 68 of the retention members are surface
secured, as by soldering, to solder pads 78 on the
printed circuit boards to both relieve the stress at the
terminal solder joints and to provide additional retention
of the surface mount plug and receptacle connector to
their respective circuit boards. Furthermore, in order to
reinforce the retention of the retention members within
the respective connector housings, oppositely facing
ears 74 of the retention members abut against oppo-
sitely facing shoulders 80 of the respective connector
housings. Since each retention member 66 is stamped
and formed of conductive material, the retention mem-
bers may be soldered to a respective grounding circuit
of the respective printed circuit board, and then coupled
upon mating, thus resulting in the assemblies, and their
respective systems, being at a common potential.

Complementary interengaging holding members
may also be provided near opposite ends of connector
housings 16 and 26 of plug connector 12 and receptacle
connector 14, respectively, for removably retaining the
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connectors in mated condition. The holding members
are stamped and formed of sheet metal material
whereby, during mating of connectors 12 and 14, radi-
used projections on each of the holding members may
give a tactile or audible indication that the connectors
are mated.

It will be understood that the invention may be
embodied in other specific forms without departing from
the spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be con-
sidered in all respects as illustrative and not restrictive,
and the invention is not to be limited to the details given
herein.

Claims

1. Alow profile receptacle connector (14) for mounting
on the surface (32) of a printed circuit board (34),
characterized by:

an elongated receptacle housing (26) mounting
a plurality of terminals (42), each terminal
including

a mounting portion (50) for surface con-
nection to circuit traces (52) on the board,
a generally U-shaped contact portion
defined by a first leg (54) joined to the
mounting portion (50) and a free spring
contact leg (56) having a contact portion
(58) engageable with a contact portion
(44) of a mating connector (12), thefirst leg
having a proximal end (54a) fixed to the
housing proximate the mounting portion
(50) and a distal end (54b) opposite the
proximal end movably supported within the
housing along its edges by tabs (55),
whereby a portion of the first leg of the ter-
minal between the proximal end and the
distal end is flexibly movable into a slot (62)
of the housing upon deflection of the con-
tact portion of the free spring contact leg,
thereby distributing stresses along the first
leg (54) of the terminal (42) to improve
deflection characteristics of the terminal.

2. The low profile receptacle connector (14) as set
forth in claim 1 further characterized by preloading
means (54a, 64) between the free spring contact
leg (56) of said U-shaped contact portion and the
housing (26) for preloading the contact portion by
providing an opposing force within free spring con-
tact leg prior to deflection of the terminal.

3. The low profile receptacle connector (14) as set
forth in claim 2 wherein said preloading means
comprises a shoulder (64) on the receptacle con-
nector housing engageable by a distal end (56a) of
the free spring contact leg (56).
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The low profile receptacle connector (14) as set
forth in claim 1 further characterized by a stamped
and formed retention member (64) mounted at the
end (28) of the connector housing (26) for securing
the connector to its respective printed circuit board, 5
the retention member being generally L-shaped
with afirst leg (70) attached to the respective end of
the housing and a second leg (68) adapted for sur-
face securement to said circuit board.

10
The low profile receptacle connector (14) as set
forth in claim 1 further characterized by a holding
member (88) near each opposite end (28) of the
connector housing (26) for removably retaining the
receptacle connectors in mated condition with a 15
complementary plug connector (12).

The low profile receptacle connector (14) as set
forth in claim 1 wherein the distal end (54b) of the
terminal includes a bight portion located generally 20
between the tabs (55) and the contact portion (58)
and, upon deflection of the contact portion (58)
whereupon the portion of the first leg (54) between

the distal end (54b) and the proximal end (54a) is
movable within the slot (62) of the housing (26), the 25
bight portion of the terminal remains relatively sta-
tionary.
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